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ABSTRACT : PURPOSE : To provide a laser apparatus by which the temperature rise of a laser diode is 
suppressed and which can effectively prevent the power and the wavelength of output 
light from the laser diode from being changed. 

CONSTITUTION: A PD 22 is installed, and, by using its detection signal, the power of an 
LD 20 is controlled. A part of a laser beam from the LD 20 is reflected by a beam splitter 
24 so as to be guided to the PD 22. Reflected light from an objective lens does not reach 
the PD 22. and the PD 22 receives only a part of the laser beam emitted from the LD 20. 
The LD 20 is brought close to a cooling plate 26 for the LD and to an LD holder 21 . The 
low-temperature side of a Peltier cooler 25 is brought close to the cooling plate 26 for the 
LD, and the high-temperature side is brought close to a heat-conducting plate 30 for the 
LD. A metal LD holder 21 and the cooling plate 26 for the LD are fitted and brought close 
to each other, and both are thermally integrated so as to become a nearly uniform 
temperature. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the laser equipment which the laser light which 
the laser medium concerned which irradiated laser light at the laser medium and was excited 
from the laser diode which emits the laser light for excitation emits, or its higher harmonic is 
resonated, and takes it out to the exterior. 
[0002] 

[Description of the Prior Art] It is long lasting, conversion efficiency is high, and the laser 
equipment to which excite a laser crystal with laser diode (LD), and laser oscillation is made to 
perform has small, a light weight, and the features that stability of operation is also good. 
Moreover, if the higher harmonic of a fundamental wave is generated combining this laser 
equipment and a harmonic generation component, it is also known that a blue or green laser light 
will be obtained. This laser equipment is indicated by JP,2-146784,A and JP,6-69567,A. 
[0003] Drawing 1 7 is the principle Fig. having shown the outline configuration of the above- 
mentioned laser equipment This equipment mainly consists of LD200 for excitation, a lens 202, 
the laser crystal 204 that is a laser medium, a harmonic generation component 208, and an 
output mirror 210. The mirror which reflects the light of predetermined wavelength with a high 
reflection factor is formed in the front face by the side of the lens 202 of the laser crystal 204. 
[0004] In drawing 17 , LD200 shall oscillate the laser light of the absorption wavelength region of 
the laser crystal 204. It converges this laser light on the front face of the laser crystal 204 with 
a lens 202. The laser crystal 204 is excited in response to laser light, and oscillates the laser 
light of predetermined wavelength, as for this oscillation laser light's passage of the KTP crystal 
which is a harmonic generation component, wavelength generates the second harmonic (or 
wavelength — the third harmonic of 1/3) of 1/2. It is reflected by the output mirror 210 and this 
higher harmonic is further reflected by the mirror 206. That is, the space between a mirror 206 
and the output mirror 210 acts as a resonator, and a higher harmonic resonates by carrying out 
during this period in round trip [ what ], and serves as high energy. This laser light is taken out 
from the output mirror 210 outside. 
[0005] 

[Problem(s) to be Solved by the Invention] By the way, if LD supplies a current and makes laser 
emit light, it will generate heat, and power and wavelength change under the effect Moreover, 
the temperature rise by superfluous generation of heat causes destruction. If the power and 
wavelength of laser light which LD emits change, even if it is not excited proper, but it cannot 
emit laser light or the laser crystal excited by this laser light will emit laser light, the power and 
wavelength of that output laser light become unstable. 

[0006] This invention is made based on the above-mentioned situation, suppresses the 
temperature rise of laser diode, and aims at offering the laser equipment which can prevent 
effectively the power of the output light of laser diode, and fluctuation of wavelength. 
[0007] 

[Means for Solving the Problem] Invention according to claim 1 for solving the aforementioned 
technical problem In the laser equipment which the laser light which the laser medium concerned 
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which irradiated laser light at the laser medium and was excited from the laser diode which emits 
the laser light for excitation emits, or its higher harmonic is resonated, and takes it out to the 
exterior A photodetection means to detect the output of the laser light which said laser diode 
emits, It is characterized by providing the optical means which leads a part of laser light which 
said laser diode emits to said photodetection means, and the laser diode control means which 
controls the current which supplies said laser diode based on the detecting signal from said 
photodetection means. 

[0008] Invention according to claim 2 is characterized by including the half mirror which reflects 
a part of laser light in an abbreviation right angle in said optical means in invention according to 
claim 1. 

[0009] A maintenance means by which, as for invention according to claim 3, both hold said laser 
diode and said photodetection means in invention according to claim 1 or 2 so that it may be 
thermally united, A cooling means to absorb heat from said maintenance means and to radiate 
heat to the exterior by supplying a current, It is characterized by providing a temperature 
detection means to detect the temperature of said maintenance means, and the cooling control 
means which controls the supply current to said cooling means based on the detecting signal 
from said temperature detection means. 
[0010] 

[Function] Laser [ emit / since supply current will be increased if supply current will be reduced 
if output light becomes strong, since the current which laser diode has the output light 
detected / invention / according to claim 1 / by the aforementioned configuration, and is 
supplied based on the signal is controlled, an output is lowered and output light becomes weak, 
and an output is heightened / laser diode ] light is always maintained at the output of 
abbreviation regularity. 

[0011] It can prevent that the reflected light of the laser light which penetrated the half mirror 
by considering as the configuration which leads a part of laser light which laser diode emitted to 
a photodetection means with a half mirror by the aforementioned configuration mixes invention 
according to claim 2 to a photodetection means. Therefore, control of the supply current to the 
laser diode using a photodetection means is made in a high precision. 

[0012] By the aforementioned configuration, laser diode can prevent becoming an elevated 
temperature by cooling with a cooling means, although it generates heat by the operating state, 
and invention according to claim 3 can suppress the output of laser light, and fluctuation of 
wavelength. And since the supply current to this cooling means is also controlled, temperature 
can be kept constant in a higher precision. 
[0013] 

[Example] Below, one example of this invention is explained with reference to a drawing, the part 
which shows the whole laser equipment configuration which drawing 1 requires for this invention 
— the part which a notching perspective view and drawing 2 expanded the excitation section of 
drawing 1 , and was shown — a notching perspective view and drawing 3 expanded and showed 
the resonance section 12 of drawing 1 — it is a notching perspective view a part. First, along 
with drawing 1 , the overall configuration of laser equipment 10 is explained briefly. If the laser 
equipment 10 shown in drawing 1 is roughly divided, it will consist of the excitation section 11 
and the resonance section 1 2. The excitation section 1 1 and the resonance section 1 2 complete 
laser equipment 10 by becoming independent, respectively, an assembly being possible, inserting 
the resonance section 12 in the heat dissipation shell of the excitation section 11 in accordance 
with an optical axis in a final process, and fixing to a predetermined location. 
[0014] the laser diode (LD) with which the excitation section 1 1 shown in drawing 1 and drawing 
2 mainly generates the laser light for excitation — 20 — The LD electrode holder 21 holding this 
LD20, and the photodetector 22 which detects the laser light from LD20, The collimate lens 23 
which changes the laser light from LD20 into parallel light, The beam splitter 24 which leads the 
part to a photodetector 22 while making the laser light which passed the collimate lens 23 
penetrate, The Peltier cooler 25 which cools LD20, and the cooling plate 26 for LD which leads 
the heat of LD20 to the cooling surface of the Peltier cooler 25 for LD, The ceramic subbase 27 
which specifies mutual physical relationship while holding the LD electrode holder 21, a 
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photodetector 22, a collimate lens 23, and a beam splitter 24, The cylindrical spring 28 which 
pushes the Peltier cooler 25 for LD against the cooling plate 26 for LD uniformly, The coma 29 
for maintenance which fixes the cylindrical spring 28 to the ceramic subbase 27 by the upper 
and lower sides, While being the heat-conduction plate 30 for LD which conducts the heat from 
the cooling surface of the Peltier cooler 25 for LD to the heat dissipation shell 31, and the case 
which contains these whole inside, it consists of heat dissipation shell 31 to which the role which 
radiates heat also achieves the heat from the Peltier cooler 25 for LD. 
[0015] The objective lens 40 with which the resonance section 12 shown in dra w ing 1 and 
drawing 3 converges the laser light from LD20 on the front face of a laser crystal, The object 
lens holder 41 holding this objective lens 40, and the objective lens adjusting cam 42 which 
performs justification in the direction of an optical axis of this object lens holder 41, The laser 
crystal 43 which will be excited if the laser light from an objective lens is received, and oscillates 
the laser light of predetermined wavelength, The harmonic generation component 44 which 
generates the higher harmonic of the laser light which the laser crystal 43 emits, The output 
mirror 45 reflected into the resonance section 12 while discharging a part of laser light to the 
exterior, The output mirror electrode holder 46 holding this output mirror 45, and the mirror 
pitching adjustment cam follower 47 of the-two upper and lower sides which adjust the 
inclination of pitching of the output mirror 45, The mirror yawing adjustment cam follower 48 of a 
Yuji Hidari book which adjusts the inclination of yawing of the output mirror 45, The mirror 
pitching adjusting cam 49 which contacts the up-and-down mirror pitching adjustment cam 
follower 47 in cam side 49a, The mirror yawing adjusting cam 50 which contacts the mirror 
yawing adjustment cam follower 48 on either side in cam side 50a, While specifying the 
resonance length from the laser crystal 43 to the output mirror 45 as the infrared filter 51 which 
prevents transparency of infrared light among the light outputted from the output mirror 45, the 
ceramic base 52 of the shape of a cylinder which plays the various roles mentioned later is 
included. 

[0016] YV04 which used semiconductor laser with a wavelength of 809nm and doped well-known 
Nd as a laser crystal 43 as LD20 for excitation in this example It is used. Moreover, a well-known 
KTP crystal is used as a harmonic generation component 44. The mirror is formed in the front 
face by the side of the objective lens 40 of the laser crystal 43 of mirror plane coating 
processing. The laser crystal 43 excited by LD20 generates infrared light with a wavelength of 
1064nm, and resonates by repeating reflection between the mirror of the laser crystal 43, and 
the output mirror 45. Since the reflection factor of both mirrors is highly set up to the 
wavelength of 1064nm, infrared light does not come outside but is shut up among both mirrors by 
high reinforcement. Therefore, the laser light generated as the laser crystal 43 is changed into 
the second harmonic which is efficient and has half wavelength by the harmonic generation 
component 44, and a visible output light with a wavelength of 532nm is obtained. 
[0017] By the way, in order a second harmonic with a wavelength of 532nm is efficient and to 
occur, it will be required for the laser light of a 1064nm fundamental wave to go back and forth 
between the mirror of the laser crystal 43 and the output mirrors 45 repeatedly, and, for that 
purpose, it will be the requisite that the inclination of both mirrors fulfills predetermined 
conditions. The mirror of the laser crystal 43 is made into a flat surface in this example. On the 
other hand, while laser light progresses the interior of a resonator, even if the output mirror 45 
spreads according to a diffraction operation, let it again be a concave spherical-surface mirror 
so that it may converge on the original beam diameter. Moreover, the laser crystal 43 is 
considered as immobilization and the inclination of the output mirror 45 makes it adjustable. 
Therefore, it becomes the important conditions for obtaining the laser light of high power to 
adjust the inclination of the output mirror 45 correctly. 

[0018] Next, with reference to drawing 4 - drawing 6 , the inclination adjustment device of the 
output mirror 45 is explained. Drawing 4 (a) here Drawing 1 and the output mirror electrode 
holder 46 of drawing 3 , The perspective view and this drawing (b) having shown the mirror 
pitching adjustment cam follower 47 and the mirror yawing adjustment cam follower 48 which are 
prepared in this electrode holder It is the schematic diagram with which drawing and drawing 5 
which show the relation between the optical axis specified corresponding to the output mirror 
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electrode holder 46 of drawing 1 and two shafts perpendicular to this looked at the outline 
horizontal sectional view of the resonance section 1 2, and drawing 6 looked at the part of the 
output mirror electrode holder 46 from the optical-axis front. 

[0019] As shown in drawing 4 (a) and (b), let [ the optical axis which passes along the output 
mirror 45 ] a x axis and the medial axis of the mirror yawing adjustment cam follower 48 be the 
y-axes for the z-axis and the medial axis of the mirror pitching adjustment cam follower 47. As 
shown in drawing 4 (b), at this example, the z-axis, a x axis and the z-axis, and the y-axis are a 
point 01 and a point 02, respectively. It sets and lies at right angles. A point 01 and point 02 It 
has shifted about 1-2mm, and, for this reason, a x axis and the y-axis are in the location of 
torsion, but when it sees from the z-axis, a x axis and the y-axis are in the physical relationship 
which intersects perpendicularly. However, it is a point 01 in this way. Point 02 Like the after- 
mentioned, having shifted is not because abbreviation independence is achieved and pitching and 
yawing can be adjusted [ that the device of pitching adjustment and yawing adjustment can be 
simplified, and ], even if such, and it is not concerned with the essence of this invention. 
[0020] As shown in drawing 5 and drawing 6 , four cam follower guide slots 61-64 are established 
in the perimeter of the ceramic base 52 at intervals of the include angle which is 90 degrees. 
Each cam follower guide slot consists of a slot with a major axis parallel to an optical axis. 
Among these, the mirror pitching adjustment cam follower 47 is inserted in the cam follower 
guide slots 61 and 63 on up-and-down, and the mirror yawing adjustment cam follower 48 is 
inserted in the cam follower guide slots 62 and 64 on on either side. Although the output mirror 
electrode holder 46 is restrained by this in the location whose medial axis of the output mirror 
45 prepared in the center corresponds with an optical axis, each cam follower is made movable 
in the direction of an optical axis along each cam follower guide slot by it. 
[0021] As shown in drawing 5 , the mirror pitching adjusting cam 49 and the mirror yawing 
adjusting cam 50 are formed in the perimeter of the ceramic base 52, and the "clearance fit" is 
carried out rotatable around the ceramic base. Moreover, the precompression spring 65 
energized in the extended direction is formed in the perimeter of the mirror pitching adjusting 
cam 49. In drawing 5 , the left end section of the precompression spring 65 contacted end-face 
52a of the ceramic base 52, and the right end section is in contact with the background of cam 
side 49a. For this reason, the mirror pitching adjusting cam 49 is energized in the direction which 
goes to a tip (right-hand side of drawing 5 ) in accordance with an optical axis. This energization 
force is told to the mirror yawing adjusting cam 50 through cam side 49a, the mirror pitching 
adjustment cam follower 47, the output mirror electrode holder 46, the mirror yawing adjustment 
cam follower 48, and cam side 50a, and is responded to by the covering device material 66 at the 
tip of the ceramic base 52. In addition, since cam side 49a of the mirror pitching adjusting cam 
49 is contacted by the-two upper and lower sides and the mirror yawing adjustment cam follower 
48 contacts cam side 50a of the mirror yawing adjusting cam 50 by-two right and left backlash 
does not produce the mirror pitching adjustment cam follower 47 into a contact part. 
[0022] As shown in drawing 5 , cam side 49a of the mirror pitching adjusting cam 49 is made into 
a part of leaning flat surface which cut the cylinder aslant. Cam side 50a of the mirror yawing 
adjusting cam 50 also consists of same leaning flat surface. Therefore, if the mirror pitching 
adjusting cam 49 is turned, the normal of the output mirror 45 will be rotated around the y-axis 
through the mirror pitching adjustment cam follower 47 of the^two upper and lower sides which 
contact cam side 49a. Moreover, if the mirror yawing adjusting cam 50 is turned, the normal of 
the output mirror 45 will be rotated around a x axis through the mirror yawing adjustment cam 
follower 48 of the Yuji Hidari book which contacts cam side 50a. Therefore, the inclination of the 
output mirror 45 can be adjusted by rotating the mirror pitching adjusting cam 49 and the mirror 
yawing adjusting cam 50. 

[0023] In addition, as shown in drawing 4 (b), it is a point 01. Point 02 Since it has shifted, cam 
side 49a of the mirror pitching adjusting cam 49 and cam side 50a of the mirror yawing adjusting 
cam 50 do not collide. Moreover, point 01 Point 02 Since it can arrange so that the mirror 
pitching adjusting cam 49 and the mirror yawing adjusting cam 50 may be used as the cylinder of 
the same radius and each cam side 49a and 50a may be countered by shifting, it is possible to 
simplify a device and to miniaturize and, moreover, the tuning of an inclination becomes easy. 
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[0024] The change of the inclination of the output mirror 45 based on the magnitude of the 
inclination of the cam sides 49a and 50a and rotation of each cam is closely related so that the 
above-mentioned explanation may show. Therefore, if the inclination of the cam sides 49a and 
50a is made small, the include-angle range which the mirror pitching adjustment cam follower 47 
and the mirror pitching adjustment cam follower 48 rotate will become small, and fine tuning of 
the inclination of the so precise output mirror 45 of it will be attained. Moreover, since the up- 
and-down mirror pitching adjustment cam follower 47 and the mirror yawing adjustment cam 
follower 48 on either side have sufficient stroke for each, it has contributed to this enabling 
precise fine tuning. 

[0025] And with this configuration, inclination adjustment around the x axis of the output mirror 
45 and the y-axis can be performed independently, respectively. That is, since the surrounding 
condition of the already adjusted x axis (y-axis) of having been adjusted is not affected even if 
adjust the inclination of an output mirror around a x axis (y-axis), and it makes it the output of 
the laser light obtained serve as max first, and adjusts the surrounding inclination of the y-axis 
(x axis) after that and makes it an output serve as max, the laser light of the maximum output is 
obtained as a result For this reason, the tuning of an easy and efficient inclination becomes 
possible. In addition, as shown in drawing 4 (b), it is a point 01. Point 02 Since it has shifted 
slightly, if it says strictly, it has the influence of some on in the case of one adjustment to 
another side. However, it was checked from the experimental result which this invention person 
performed that this effect is small to extent which can be disregarded. 

[0026] Next, with reference to drawing 7 and drawing 8 , the justification device of the objective 
lens 40 shown in drawing 1 and drawing 3 is explained. Drawing where drawing 7 looked at the 
parts of an objective lens 40 and the object lens holder 41 from the direction front of an optical 
axis, the side elevation which looked at the objective lens adjusting cam 42 of the shape of a 
cylinder by which drawing 8 (a) was prepared in the perimeter of the ceramic base from width, 
and drawing 8 (b) are the development views showing the condition of having developed the 
objective lens adjusting cam 42 of this drawing (a). 

[0027] As shown in drawing 3 and drawing 7 , three slitting 70a-70c covering the include-angle 
range of about 100 degrees is formed in the disc-like object lens holder 41. Moreover, although 
the object lens holder 41 is made into aluminum in this example, other metals, engineering 
plastics, etc. are usable. Therefore, among the object lens holders 41, the part of the outside of 
slitting 70a-70c serves as the cantilever springs 71a-71c using metaled elasticity, and presses 
the inside front face of the ceramic base 52 equally toward a radial outside in the heights 72a- 
72c at a tip. The medial axis of an objective lens 41 can be made in agreement with an optical 
axis by this. And since it presses by three points, even if there are environmental variations, 
such as a temperature change, this condition of having been in agreement is stabilized and is 
maintained. 

[0028] Moreover, three objective lens adjustment cam followers 73a-73c are formed in the 
object lens holder 41. Cam followers 73a-73c are formed in the fixed side of cantilever springs 
71a-71c so that each medial axis may pass along the core of an objective lens. The cam follower 
guide slots 74a-74c which consist of the same slot as the cam follower guide slots 61-64 shown 
in drawing 6 etc. are established in the perimeter of the ceramic base 52. The major axis of 
these cam follower guide slots 74a-74c is parallel to an optical axis, therefore the objective lens 
adjustment cam followers 73a-73c inserted in each cam follower guide slot are movable to an 
optical axis and parallel. 

[0029] The objective lens adjusting cam 42 is formed in the perimeter of the ceramic base 52 so 
that a medial axis may be in agreement with the medial axis of the ceramic base 52. The 
clearance fit of this objective lens adjusting cam 42 is carried out rotatable around the ceramic 
base 52 like the pitching cam 49 and the mirror yawing adjusting cam 50 which were exactly 
explained in drawing 6 . As shown in the objective lens adjusting cam 42 at drawing 7 , three cam 
grooves 42a-42c are formed, and the matched-pairs object lens adjustment cam followers 73a- 
73c are inserted in each. 

[0030] As shown in drawing 1 and drawing 3 , the objective lens precompression spring 75 is 
formed ahead of the object lens holder 41. This objective lens precompression spring 75 
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energizes the object lens holder 41 back through the back cap 78 while energizing to the front 
the crystal electrode holder 77 with which the harmonic generation component 44 is held 
through the front cap 76. According to the energization force to this back, the objective lens 
adjustment cam followers 73a-73c contact the objective lens adjusting cam 42 in the side face 
behind each cam groove (left-hand side of drawing 8 (a) and (b)). Since three points of the 
objective lens adjustment cam followers 73a-73c contact the back side face of each cam groove 
at this time, the flat surface by these three points is specified uniquely. 
[0031] Each cam grooves 42a-42c are mutually formed in parallel and aslant, as shown in 
drawing 8 . For this reason, if the objective lens adjusting cam 42 rotates around the ceramic 
base 52, the object lens holder 41 will carry out advancing-side-by-side migration continuously 
in accordance with an optical axis. 

[0032] Therefore, based on the direction which rotates the objective lens adjusting cam 42, and 
its rotation location, the location in the direction of an optical axis of an objective lens 40 can be 
adjusted. If the objective lens adjusting cam 42 is rotated, the heights 72a-72c at the tip of 
cantilever springs 71a-71c will slide on the inside front face of the ceramic base 52. For this 
reason, it is required to make elasticity of cantilever springs 71a-71c into the suitable range so 
that unnecessary friction may not occur but this sliding may be performed smoothly. 
[0033] The energization force ahead of the objective lens precompression spring 75 plays the 
role of making the crystal electrode holder 77 with which the laser crystal 43 and the harmonic 
generation component 44 are held contact the ceramic base 52 firmly so that it may mention 
later. Although the die length of the resonance section 12, i.e., the distance of the laser crystal 
43 and the output mirror 45, is specified mainly with the dimension of the crystal electrode 
holder 77 and the ceramic base 52, it can keep constant the distance of the laser crystal 43 and 
the output mirror 45 by making the crystal electrode holder 77 contact the ceramic base 52 
certainly with the objective lens precompression spring 75. 

[0034] As shown in drawing 1 and drawing 3 , the cylinder-like charcoal filter 140 is formed in 
the interior of the resonance section 12 by hollow. As this charcoal filter 140 is shown in drawing 
9 , it is held with the electrode holder 141 at the position in the resonance section 12, and the 
covering device material 142 in which some holes were established is put on the both sides of an 
electrode holder 141. The amount of [ of the activity edge filter 140 ] centrum becomes the 
transit route of laser light. 

[0035] In order to absorb internal moisture, what enclosed silica gel is known for conventional 
laser equipment. However, the below-mentioned adhesives and other polymeric materials are 
used for laser equipment, and these generate gas with a minute amount This gas becomes the 
cause which pollutes the front face of an optical element. Then, since such gas can be made to 
absorb like this example by enclosing a charcoal filter 140 with the interior of the resonance 
section 12, an impurity can be effectively removed from the interior of the resonance section 12, 
and contamination of an optical element can be prevented. Moreover, with the laser equipment of 
this example, perfect sealing is avoided, therefore moisture may mix [ moisture ] from the 
exterior so that the differential pressure of the interior and the exterior may not arise. This 
moisture is also removable with a charcoal filter. 

[0036] Next, with reference to drawing 10 and drawing 1 1 , the temperature control of LD which 
applied the temperature control device of the optical equipment concerning this invention, and 
power control of LD are explained. Outline drawing of longitudinal section which drawing 10 
omitted a part of configuration of the excitation section 1 1 shown in drawing 1 and drawing 2 
here, and was shown, and drawing 1 1 are outline drawings of longitudinal section of the excitation 
section which carried out the partial change of the configuration of drawing 10 . If LD20 shown in 
drawing 1 0 supplies a current and makes it emit light it will generate heat, and power and 
wavelength change under the effect Moreover, the temperature rise by superfluous generation 
of heat causes destruction. Therefore, in order to operate LD20 proper, it is desirable to control 
the power and temperature. 

[0037] First power control of LD20 in this example is explained. There are some which have the 
minute light sensing portion prepared behind the light-emitting part and a terminal for taking out 
the output signal from this light sensing portion to the exterior in LD from the former. If this LD 
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is used, power control of LD can be performed by detecting the light which leaks from a light- 
emitting part to back by the light sensing portion, and applying feedback to the supply current to 
LD by making the output current into a power detecting signal. However, it is slightly reflected by 
the objective lens which is ahead, and a part of laser light emitted from LD returns to LD with it. 
Generally the sensibility of the light sensing portion of LD is very high, and the feeble reflected 
light also detects it unescapable. Moreover, the amount of the reflected light from an objective 
lens changes with the locations on the optical axis of an objective lens. Therefore, with the type 
equipment like this example which moves according to a focus control device in an optical-axis 
top, the reflected light from an objective lens etc. serves as a noise, influences the detection 
current of a light sensing portion, and becomes the cause of reducing the precision of power 
control of LD. 

[0038] So, in this example, a photodetector (PD) 22 is formed by the arrangement shown in 
drawing 10 , and power control of LD20 is performed using the detecting signal from PD22, 
without using the light sensing portion of LD20. The great portion of laser light emitted from 
LD20 penetrates a beam splitter 24, it attains it to the objective lens 40 in the resonance 
section 12, it is reflected by the beam splitter 24 and other parts are led to PD22. On the other 
hand, as for the reflected light from an objective lens 40, a part penetrates a beam splitter 24 as 
it is, and return and the remaining parts are reflected in the upper part of drawing 10 by the 
beam splitter 24 to LD20. However, the reflected light from an objective lens does not reach to 
PD22. That is, PD22 receives a part of laser light purely emitted from LD20. Therefore, if the 
output current of PD22 is made into the power detecting signal of LD20 and this is fed back to 
the supply current of LD20 through the gain controller 80 and the power control section 81, 
power control of LD20 can be performed with a sufficient precision. 

[0039] Next, the temperature control of LD20 is explained. Since the wavelength of LD20 
changes with temperature, the control in this example is a thing which doubles the wavelength of 
LD20 with absorption of a solid-state-laser crystal and to perform for accumulating. The well- 
known Peltier cooler 25 and the well-known temperature control section 84 mainly perform this 
control. If a current is supplied, the Peltier cooler 25 will absorb the heat of a cooled object 
compulsorily in the cooling surface, and will emit the absorbed heat to the exterior in a heat 
sinking plane. As shown in drawing 10 , LD20 is stuck to the cooling plate 26 for LD, and the LD 
electrode holder 21. It is attached so that the cooling surface of the Peltier cooler 25 may be 
stuck to the cooling plate 26 for LD and a heat sinking plane may be stuck to the heat- 
conduction plate 30 for LD, respectively. Let these adhesion be positive things by fixing the 
cylindrical spring 28 to the ceramic subbase 27 by the up-and-down coma 29 for cylindrical 
spring maintenance, and forcing the center section of the heat-conduction plate 30 for LD on 
the front Peltier cooler 25. Fitting also of any was carried out mutually and the LD electrode 
holder 21 and the cooling plate 26 for LD which consist of a metal have stuck them, therefore, 
the LD electrode holder 21 and the cooling plate 26 for LD — thermal — one — it is — 
abbreviation — it becomes uniform temperature. 

[0040] As shown in drawing 2 and drawing 10 , although it also touches the ceramic subbase 27, 
since the LD electrode holder 21 has sufficient heat insulation operation, it intercepts effectively 
receipts and payments of heat with the exterior through this like the after-mentioned to the 
ceramic used by this example. PD22 is also attached in the LD electrode holder 21 besides 
LD20. LD20 and PD22 — abbreviation — it becomes uniform temperature. [ therefore, ] Since a 
property changes with temperature, PD22 controls the temperature of LD20 by the above 
configurations, and the temperature of PD22 is also controlled by coincidence and can keep a 
property constant Moreover, since it is not necessary to form the Peltier cooler in LD20 and 
PD22 separately if it does in this way, it is economical. 

[0041] At the cooling plate 26 for LD, as shown in drawing 10 , the thermistor 82 for temperature 
detection is embedded. The temperature detecting signal of a thermistor 82 is sent to the 
temperature control section 84, after the gain controller 83 is supplied and a gain adjustment is 
made by the lead pulled out outside here. The temperature control section 84 controls the 
supply current to the Peltier cooler 25 based on the temperature detecting signal from a 
thermistor 82. By this, the cooling plate 26 for LD in contact with the cooling surface of the 
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Peltier cooler 25, the LD electrode holder 21, and LD20 and PD22 are maintained by fixed 
temperature. 

[0042] On the other hand, further, as shown in drawing 1 and drawing 2 , adhesion immobilization 
of the heat-conduction plate 30 for LD stuck to the heat sinking plane of the Peltier cooler 25 is 
carried out by the spring 90 with criteria shell **, and the **** 91 with ****** at the heat 
dissipation shell 31. Since the heat dissipation shell 31 has sufficiently big surface area, the heat 
of LD20 absorbed by the Peltier cooler 25 is emitted to the exterior from this heat dissipation 
shell 31. Therefore, the effectiveness of the temperature control of LD20 performed by the 
temperature control section 84 and the Peltier cooler 25 improves sharply, and can prevent 
effectively fluctuation of the thermal property of LD20 and PD22. While the precision of power 
control of LD20 by PD22 improves by this, the output wavelength of LD20 can always be 
maintained at abbreviation regularity, and fluctuation in the mode of the laser light which 
resonates in the resonance section 12 can be prevented. 

[0043] PD22 is attached in the cooling plate 26 for LD in the example shown in drawing 1 1 . For 
this reason, in order to lead the light from a beam splitter 24 to PD22, the total reflection mirror 
85 is formed. Thus, when PD22 is attached in the cooling plate 26 for LD, the distance of LD20 
and PD22 can be brought close, the volume of the member which should be cooled by the Peltier 
cooler 25 is reduced, and there is an advantage that heat capacity can be made small. Even 
when are done in this way and thermal disturbance arises, this can be followed in a short time 
and it can return to predetermined temperature. For this reason, the error by temperature 
fluctuation can be suppressed smaller and the precision of power control of LD20 can be raised. 
Moreover, the precision of temperature control also improves more. 

[0044] By the way, generally on the occasion of use of the Peltier cooler 25, it is made desirable 
to **** a heat-conduction plate to the heat sinking plane firmly, and to carry out a stop to it 
However, when it fixed with two or more screw threads and some **** loosens, it is difficult to 
secure the condition of the heat-conduction plate having carried out per piece, and the condition 
that the opposite side floated having often happened, and having always stuck. Especially the 
thing for which the slack of each screw thread is certainly prevented when mass-producing 
becomes more difficult. Moreover, it sets like an erector, and although two or more **** is 
bolted quickly, most time amount is required, and the fall of workability is invited to it. 
[0045] However, if the coma 29 for cylindrical spring maintenance of the cylindrical spring 28 and 
the upper and lower sides which fix this is used like this example, only the center of the heat- 
conduction plate 30 for LD is pressed, and the heat-conduction plate 30 for LD can be certainly 
stuck to the heat sinking plane of the Peltier cooler 25 by this. And since an activity is 
completed only by inserting a coma 29 for cylindrical spring maintenance in the predetermined 
part of the ceramic subbase 23, working efficiency improves. Furthermore, when decomposition 
is required, the heat-conduction plate 30 for LD and the Peltier cooler 25 can be easily 
separated only by removing a coma 29 for cylindrical spring maintenance. 
[0046] As shown in drawing 2 , drawing 10 , and drawing 1 1 , LD20, a beam splitter 24, a 
photodetector 22, the Peltier cooler 25, and the cooling plate 26 for LD are formed in the interior 
of the excitation section 11 in one, and constitute one unit from this example. Therefore, before 
making it final like drawing 1 and assembling laser equipment 10, only this excitation section 1 1 
can be operated, that actuation can be checked, and a property can be investigated. There is so 
big no difference in LD20, the laser crystal 43 in the resonance section 12, and the percent 
defective of the harmonic generation component 44. For this reason, when final assembly is 
performed without checking in advance and fault is discovered after that, pinpointing of the 
generating part of abnormalities is difficult. However, if the check of optical system and a heat 
dissipation system of operation is performed only in the excitation section 1 1 before final 
assembly, even if fault occurs behind, it will become easy to pinpoint the part 
[0047] Moreover, although it is necessary to proofread [ photodetector / 22 ] about each 
product since the laser light emitted from LD20 cannot be correctly measured with the 
actinometry vessel for proofreading etc. after assembling completely, it is difficult [ it ] to 
investigate a property independently only about a photodetector 22. However, if the unit which 
became independent only in the excitation section 1 1 is constituted like this example, the 
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property data of a photodetector 22 can be obtained easily in advance. 

[0048] Next, the laser crystal 43 in the resonance section 12 and the temperature control of the 
harmonic generation component 44 are explained. Drawing 12 is outline drawing of longitudinal 
section having expanded and shown the laser crystal 43 shown in drawing 1 , the harmonic 
generation component 44, and its circumference part. The harmonic generation component 44 is 
being fixed to the position in the metal crystal electrode holder 77. Moreover, adhesion 
immobilization of the laser crystal 43 is carried out at the back end section of the crystal 
electrode holder 77. About the fixed approach of this laser crystal 43, it mentions later. 
[0049] The objective lens precompression spring 75 is formed in the perimeter of the body (left- 
hand side part of drawing 12 ) of the crystal electrode holder 77. the cap 76 with the 
approximately cylindrical objective lens precompression spring 75, the copper heat-conduction 
plates 100a and 100b for a crystal, and the metal ring-like member 101 — similarly the crystal 
electrode holder 77 is energized in the direction of a tip (right of drawing 12 ) through the ring- 
like Peltier cooler 102 for a crystal. Thereby, the disk section (right-hand side part of drawing 
12 ) of the crystal electrode holder 77 is pressed by ups-and-downs section back end 52b of the 
ceramic base 52, and is stuck. Therefore, the distance from the laser crystal 43 to ups-and- 
downs section back end 52b of the ceramic base 52 is correctly prescribed by the crystal 
electrode holder 77. 

[0050] Since the laser light from LD20 is directly irradiated through an objective lens 40, if the 
laser crystal 43 remains as it is, it serves as an elevated temperature very much, and laser 
oscillation stops and it has a possibility that a laser crystal may be destroyed. Moreover, in order 
that the harmonic generation component 44 may also absorb laser light a little, temperature 
changes at the time of laser actuation. If there is the optimal temperature requirement also for 
the harmonic generation component 44 and temperature is changed, the effective optical path 
length to the wavelength of excitation light will change, and the conversion efficiency of a higher 
harmonic will fall. For this reason, it is necessary to fully cool and to suppress fluctuation of 
temperature in the narrow range about the laser crystal 43 and the harmonic generation 
component 44. 

[0051] The Peltier cooler 102 is arranged so that the cooling surface may touch the back end of 
the disc-like member of the crystal electrode holder 77 and a heat sinking plane may touch the 
ring-like member 101, it absorbs heat compulsorily from the member which a cooling surface 
touches, and radiates heat to the member which touches a heat sinking plane. Moreover, the 
stop of the ring-like member 101 is ****ed and carried out to the side near the optical axis of 
the up-and-down heat-conduction plates 100a and 100b for a crystal, and a part for the point of 
the heat-conduction plates 100a and 100b for a crystal is connected with the heat dissipation 
shell 31. Therefore, the heat produced in the laser crystal 43 and the harmonic generation 
component 44 is cooled in the cooling surface of the Peltier cooler 102 through the crystal 
electrode holder 77. And the heat of the heat sinking plane of the Peltier cooler 102 is cooled by 
propagation and the open air to the heat dissipation shell 31 through the ring-like member 101 
and the heat-conduction plates 100a and 100b for a crystal. 

[0052] Drawing 13 is the outline decomposition perspective view having shown intelligibly the 
relation between the heat-conduction plates 100a and 100b for a crystal, and the ceramic base 
52. As shown in this drawing, two notches 1 10a and 1 10b are formed in the ceramic base 52 up 
and down. The heat-conduction plates 100a and 100b for a crystal are inserted from two 
notches 110a and 110b, respectively, it is the interior of the ceramic base 52, and they are 
****ed with the ring-like member 101 and a stop is carried out Thus, by forming the heat- 
conduction plates 100a and 100b for a crystal which have a comparatively big area in the vertical 
symmetry, heat conduction from the Peltier cooler 102 to the heat dissipation shell 31 is made 
to homogeneity, and it can prevent that unsymmetrical temperature distribution arise. 
[0053] In the crystal electrode holder 77, the thermistor 112 for detecting the temperature of 
the crystal electrode holder 77 is embedded. The output signal from a thermistor 112 is supplied 
to the temperature control section 114 through the gain controller 113, as shown in drawing 12 . 
The temperature control section 114 performs feedback control of the current supplied to the 
Peltier cooler 102 based on the output signal of a thermistor 1 12. The temperature of the laser 



http://www4.ipdljpo.gojp/cgi-bin/tran_web_cgi_ejje 



2004/08/09 



10/11 ^— V 



crystal 43 attached in the crystal electrode holder 77 and the harmonic generation component 
44 is maintainable to abbreviation regularity with this. 

[0054] Next, how to fix the laser crystal 43 to the crystal electrode holder 77 is explained. One 
of the approaches used from the former pastes up the laser crystal 43 on the end face of the 
crystal electrode holder 77 through a binder 130, as shown in drawing 14 . In this case, the 
commercial silver paste which has a certain amount of thermal conductivity as a binder is used. 
If it has melted into the solvent and applies before applying, a solvent will volatilize, a front face 
dries, and a silver paste joins a pasted up object 

[0055] However, in pasting up the laser crystal 43 directly with a binder, there are the following 
problems. One is not so high as a metal, although a silver paste has to some extent high thermal 
conductivity. Moreover, since it is necessary to apply to the perimeter of a laser crystal equally 
manually so that a silver paste may not close the path of light to apply a silver paste to the 
direct laser crystal 43, an activity takes skill and working efficiency falls. Furthermore, since the 
solvent of a silver paste tends to flow out, a solvent may flow into a part for the core of a laser 
crystal in process of desiccation, and it may pollute a laser crystal. 

[0056] So, in this example, the copper cap 131 is used instead of pasting up the laser crystal 43 
on the crystal electrode holder 77 directly, as shown in drawing 15 . That is, cap 131 is put on 
the body on the left-hand side of the crystal electrode holder 77, the laser crystal 43 is inserted 
among these, and the edge of cap 131 is pasted up on the perimeter of the body of the crystal 
electrode holder 77 with the silver paste 130 etc. In this case, since so much prudence is not 
required, an activity does not have a fear of it being easy and a solvent flowing out to the part of 
the laser crystal 43 in adhesion with cap 131 and the crystal electrode holder 77. Furthermore, 
since cap 131 is a metal, its thermal conductivity is high and it tends to conduct the heat of the 
laser crystal 43 it was indifferent to an elevated temperature to the crystal electrode holder 77. 
Consequently, there is an advantage that the life of the laser crystal 43 becomes long. Aluminum 
etc. can also be used as the quality of the material of cap 131. 

[0057] Next, the quality of the material of the ceramic base 52 is explained. In the resonance 
section 1 2, in order for a higher harmonic to continue resonating proper, it must be kept 
constant, without changing the distance from the laser crystal 43 to the output mirror 45. The 
crystal electrode holder 77 and the ceramic base 52 mainly specify the distance from the laser 
crystal 43 to the output mirror 45 so that drawing 12 may show. Among these, since it cools 
compulsorily as mentioned above, it is always maintained at constant temperature, and it is not 
necessary to take into consideration the fluctuation by the temperature change of optical-axis 
lay length about the crystal electrode holder 77 which contains the component generating heat 
inside. On the other hand, about the ceramic base 52, since it becomes not contacting what 
generating heat directly, that a configuration becomes complicated, and the hindrance of a 
miniaturization, the cooling means has not been established especially by this example. 
[0058] However, since the part constitutes a resonator, also as for the ceramic base 52, it is 
desirable to suppress fluctuation of the dimension by change of temperature using the quality of 
the material with a small coefficient of thermal expansion. On the other hand, it is necessary to 
the ceramic base 52 to perform various mechanical processings so that drawing 12 may also 
show. Then, this invention person found out some ingredients corresponding to the above- 
mentioned conditions, as a result of examining various ingredients a condition [ that a coefficient 
of thermal expansion is small, that it is easy to carry out processing, excelling in adiathermic, and 
it being low cost ]. 

[0059] namely, 46% of aluminum 203 And 45% of Ti02 The ceramic and 65% of Si02 to contain 
25% of CaO, and 10% of aluminum 203 from — they are the becoming ceramic and 49% of Si02, 
43% of aluminum 203, the ceramic containing 6% of MgO, the ceramic that consists of complex of 
AIN and BN, and the ceramic which consists of 96% of BN. Generally the coefficient of thermal 
expansion of these ceramics is a metaled half thru/or a metaled third grade, and the elongation 
of a dimension when temperature rises is very small. For this reason, by forming the ceramic 
base 52 using these, fluctuation of the oscillation wavelength by mode hopping stops being able 
to happen easily, and output mode is stabilized. 

[0060] Moreover, as shown in drawing 12 , the mirror yawing adjusting cam 50 which similarly 
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consists of SUS material is formed in the point of the ceramic base 52 so that it may be fixed by 
**** and the covering device material 66 which consists of SUS material may touch this 
covering device material 66. And the mirror yawing adjustment cam follower 48 prepared in the 
output mirror electrode holder 46 is pressed against cam side 50a of this mirror yawing adjusting 
cam 50 with the output mirror precompression spring 65 as mentioned above. Therefore, 
although temperature rises and some dimensions of the direction of an optical axis of the mirror 
yawing adjusting cam 50 are extended, the mirror yawing adjusting cam 50 is extended in the 
direction opposite to the direction where the ceramic base is extended on the basis of ceramic 
base 52 tip. For this reason, even if temperature rises and the dimension of the ceramic base 52 
is extended somewhat, the elongation of the mirror yawing adjusting cam 50 acts so that this 
may be negated. When temperature falls and the dimension of each part material is shrunken, it 
acts similarly so that fluctuation of a dimension may be negated. 

[0061] Although the coefficient of thermal expansion of a ceramic is small, since it is not 
completely zero, when temperature is changed, it is difficult to suppress fluctuation of the 
dimension of the ceramic base 52 completely. Then, as shown in drawing 16 , instead of the 
ceramic base 52, the base member 120 of the crystal electrode holder 77 and one can be 
formed, and this can also be formed with metals, such as copper with high thermal conductivity. 
In that case, a heat insulator 121 is formed in the perimeter of the base member 120, and 
receipts and payments of heat with the exterior are intercepted. If it does in this way, 
temperature control will be made by the thermistor 112 and the Peltier cooler 102, therefore 
temperature fluctuation of the distance of the laser crystal 43 and the output mirror 45 will be 
prevented, and the crystal electrode holder 77 and the base member 1 20 will be kept constant 
[0062] In addition, this invention is not limited to the above-mentioned example, and modification 
various by within the limits of the summary is possible for it 
[0063] 

[Effect of the Invention] Since according to invention according to claim 1 the laser light which 
laser diode emitted is led to a photodetection means by the optical means and the supply 
current to laser diode is controlled using the output as explained above, the laser crystal which 
the output of the laser light emitted from laser diode is maintained at abbreviation regularity, 
therefore is excited in response is stabilized, and emits laser light 

[0064] Since it is lost by using a half mirror as a part of optical means as an optical means 
according to invention according to claim 2 that the reflected light of the light which passed the 
half mirror and was attained to the front reaches a photodetection means, the laser crystal 
which the precision of control of the supply current to laser diode improves, therefore is excited 
in response is stabilized more, and emits laser light 

[0065] Since it prevents that laser diode cools a cooling means to generate heat by the 
operating state, and becomes an elevated temperature according to invention according to claim 
3, the output of laser light and fluctuation of wavelength can be suppressed, and moreover, since 
the supply current to this cooling means is also controlled, temperature can be kept constant in 
a higher precision. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Laser equipment which the laser light which the laser medium concerned which 
irradiated laser light at the laser medium and was excited from the laser diode which emits the 
laser light for excitation characterized by providing the following emits, or its higher harmonic is 
resonated, and takes it out to the exterior A photodetection means to detect the output of the 
laser light which said laser diode emits The optical means which leads a part of laser light which 
said laser diode emits to said photodetection means, and the laser diode control means which 
controls the current which supplies said laser diode based on the detecting signal from said 
photodetection means 

[Claim 2] Laser equipment according to claim 1 characterized by including the half mirror which 
reflects a part of laser light in an abbreviation right angle in said optical means. 
[Claim 3] Laser equipment according to claim 1 or 2 characterized by providing the following A 
maintenance means to hold said laser diode and said photodetection means so that both may be 
thermally united A cooling means to absorb heat from said maintenance means and to radiate 
heat to the exterior by supplying a current A temperature detection means to detect the 
temperature of said maintenance means The cooling control means which controls the supply 
current to said cooling means based on the detecting signal from said temperature detection 
means 
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•9-^-^274. LDfs*?*>-9-2 5*LD 
fflft£J«2 6(C-«Kjf ltttt&*KUEfa2 8 4. #tt 
«fe2 8 5r±T-CH2^ 5 ? ?f^-^2 7KlJgf5 
S»ffl372 9i, LDi^**-7-2 5©»a 
ffl*6©<**tt*l^*A3 l^£*.SLDJ§*&fcaHK3 
0 4. Ch&4tt&|*]ffitc£trfi{t?*&££6tcLD 
ffl^uy*f-5-2 536»6©r»*SW*r4!K«4*?t 

[ o o i 5 ] 0 1 s^si3 (CTn-r^ygaj 1 2 «. l d 2 
ofe£©w~ir~%&i'~if~tta©&iBtcJDwrstt 

f5U>X4 0 4. C©*t«JU>X4 0?r«Jf^-€.*f#IU 
>X*Jl/#-4 1 4. C©*tt3jU>X*JU#-4 l©3fc 

!Mnsrc©ttMiSE*fT 5*tf3ju>x§sg#A4 24. 
*^u>x*»?>©u— if-**sws4fifcta3nr@f^ 

©«*©U— !f-36*JSR"r4U— !f-ttft4 3 4. U 
-1f-*tS4 3 *«-r 4 U— !f-*©*BW«*«ft-r a 
Tnm&t&x* 4 4 4. U — tf -X©-Wfc^HS^AH 
-f£4 4MC*«l 2WNRW-r*UWj3 5-4 5 
4. £©U£3?~4 5*fi9$-*-£ttift3?--*A'*-- 
464. Hl*5^-4 5©^» ^>y©«#*S3Sf S 
J:TZ1*©5 vT-ytfm&UA.? * PT4 7 4. 

m^j 5 5 - 4 5 ©3 - a > ^©«#£ts3is-r 4**-^ 

©57-3--f >^gg^*A7*OT4 8 4. *AI4 

9 a tc*ii,>r±T© 5 v - f ? 9 > yian* A 7 * a r 

4 7{CS«lf*3 5-e»^>* r iWE*A4 9 4. *A 
ffi5 0 atC*JCiT2E^©5^-a--Y>^ii^*A7* 

m^j 5 7 - 4 5 a>6 mt> 3 weft© 5 % upwiwMEi* 
mstt^m^y 5 1 4. u— tf-*s B ^4 3*^Hi 
^357-4 5*-e©^«*^-r4 4 4fccc. f&i-r 

-2>«^©S:SlI*^i:TRtSt'i©-b^5 ^^524 

[0016] JilitafflL D 2 0 4 It, « 

S8 0 9nm©^«#U— If-^fflL. U— Sf~tt*4 

3 4LT. SttONdiF-^bfcYVO, *&m? 
4„ $/c. iSP^^^4 4 4Lr«, »KTP 

tei&z&m-rz. tf-^4 3©^p>X4 0fflij 

4 3«. jggl 0 6 4nm©^7£*|6*L. U— tf-*S 
^4 3©5 7-4W^75 ^-4 5 4©ffl-CJS*t*igf3ig 
TCiSCt^t^TI.. W?7-©S*f^W. i^Sl 
0 6 4nmK2fL-Ci«<335£LT&£/c«>. *^3l£J4W-{C 
tHT. JiF^?SlS'T?WS7-©M(cMDjAi6e.n5„ 

£3i^4 4«:j:-3-c. nwm-c. ^©iSft^w-r*^ 

-i^iSiSSEtC^Sn. «S5 3 2 rm©o!ta©ttl^7fe* s f# 
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[0017] ic5t, i&B5 3 2 nutDm-nsmmm 

$hm-cm£.-tr2>tcitol l aZ, 1 0 6 4niii©S;£&©U~1f 
V— ?-*SJI4 3©5 7-£tiJ;frS7-4 5<t 

mtttz. *mmw~eiz. u— tf-iisa4 3©s^-« 

¥BDiT-2). Hl*S7-45tt. tP-##* 

-f*„ S/c. U— tf-igJI4 3tt@S<!:U Hi^57- 

[0018]%iC, 04~06*#Ml/T, ffi7}3 7- 
4 5©ffl^SlSM*a«{CO^-C^r^. CC-C. 04 
(a) 01&tf03©HW>5 7-*;l'#--4 6£> 

4 8 ZfikVtcSfflm, 1510 ( b ) 01 ©ffl;fr 55- 20 
4 6 tC*ft& l/T*I5£ L/ fc3t#RO' c ncc&£& 

-o©iKi©^4mT0. 0 5 »«si§ii i 2 ©mus7k¥ 

©TB0. 06«ffl#5 7-*;U3^-4 6©^7>*:&$Ali* 

[0 0 19] 04 (a) (b) (CflVr,fc9{C. H32I5 7 

*UT4 7©4Ml>$l&*X$lll. 5 7-3-^>i'^l*A 
7 *UT4&<Dtp4M*yMt'?&. 04 (b) iCmt 

.#,0, «, l~2nr«S-re.L/r*t). C<Dtc#>> xlft 
x#£y$i{*i4£^ fib, C©<fc5 

[0 02 0] 05^06 iC^TJc^fC. 
-X52<D^Htc« > E-50*A-7*P7*'-f K?86 1 40 
~6 4#9 0* <DftSM|!i-CS:We>nrt.^. 

7-f y ?->^|gIM*A7*PT4 7AS#A3n > £a 
©*A7*D7*'-f F16 2, 6 4(U*S 7-3--f> 

■C. fcH7JS 7-*;t/#-4 6tt. ?©W(CStf6ilfe 
W7J 5 v - 4 5 ©tp'HW^i-Scr-S{ig«:}6l*^ 
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[0 02 1 ] 05K^'TJ:5{C > •b7S^'<-^5 2 
©/IBfUi, 5^-f ^9 L >5'|S^*A4 9Sy f 5 5- 
3-^>^!HS§:*?A5 O^t&W^ft-C&O. «5»^ 

^<diei t> -ciaabDjtetc r-r#s«^j ^nri^., 
^isjtc^-r-s^aiifces^wen-cc^,, 05 

2©ai5 2a(E:StU ^gP«*A®4 9a©affliJ 
Kl*§g! OTTOS. C(DfcJ&5^-f ^g L >y||^*A4 
9«. *$*tc*&oT5fcii8 (05©*JfM) ^|Sja>5:frfltc 
ttf&3ft£. C©tt^7J«. *AI4 9a, 5 7-f ? 
^>yiHS*A7*PT4 7. ttWtJ3 5-iM'i'-*4 
6, S7-3->/>yig*A7*P748 1 #AtB5 
0 a U r 5 7 - 3 - -f > ^IBSS* A 5 0 (C<5^. 6 
n. ^7$ **'<-*5 2©5teiffi©gSP#6 6tC<fcoX: 
gW±#>6*l£. ffi. 5 7-b-y^>^igiS*A7*P 
74 7tt. ±Tr*t57-f7?>J/|a8*A4 9© 
*Al4 9aiSSL, ^-3-r>^iS*A7* 
n748tt, 2E«— *t?S 7-3-^>yfiil*A5 0 
©*Al5 0ai38n©t, S&gP#{C#* *5£D 

[0 02 2] 05CCm^«t^CC > 5 5-tf?^>yaasi 
*A4 9©*AI4 9 a«> Rfgf££4*fcWo/c<«tr^c 
¥®<D— gP<t3nTt>^„ 5^-3--Oy|gK*A5 
0CD27AE5 0 afc. |^i©fflOfc¥®a>6&S,, Lfc 
Ai-jt, 5^-f -7^>yiaS*A4 9*lsI-ri. 2/A 
B4 9 a iC^S-T S±T-*(D 5 5-f 7 f> 
A7*0747^Lt, ffi^5 7-4 5©feStty# 
<Dl@IDtCtBl«jf -5. £/c. S^-3--r>y|@S*A5 
0^0-rt. *AI5 0aKSSt5fe6- *©5 7- 
3-W>y|glM*A7 *PT4 8*/rLtr. Hit) 5 7- 

4 5©^«xtt(D@0ic[iiai-r^ o L/fc*i^>r. 55 

-h* ^IB^* A 4 9 SO* 5 9- 3- 

A5 040863 -ttSCttCj^-C . m7J57-4 5©ffl 

[0023]^, 04 (b) iC^-rJ^fC. AO, 
O, *-riE»U-C*^/c*. 5 7-tfy^>^|giS*A4 
9©*Affl4 9 a i 5 7-3--T>i'llll*A5 0©* 
Al5 0ai*i«^t4CiB«k S/i:. .^O, 

o, ^-re.-rciicfc-^'c, s 7-f ^^>^iaii*A 
4 9 1 5 9 - 3 - > ^isii* a 5 o ¥S©pm 

£ U -etl-en©* AB4 9 a t 5 0 a *>Ff[6j-r -5J: ^ 
tC|5{§-r.5C<!:7&s-C*.5©-C. ««%tS#{C LT/J^ffc 

[0 024] ±IB©gi^6^-2.J:^tC < *Affl4 9 
a. 5 0a©M©^Si, &#A©0S!rtC«-3< tti 
^3 5 5-4 5©[«#©^k{*. ft£(CH3-r&. L/fc*s 
->T. *A!4 9a, 5 0a©<g|?4/h3<-rntf. 5 
7-f^?>yi5iS*A7*n74 7Ri^3 7-f7? 
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& o . ^-n/c^is?BJE£ m^j s =7 - 4 5 ©<g£ ovk^mi* 

oimttSih. ±T©S5-t'*5 v >:5'sJHg;*7A:7 
*0747, ££©3 ^"3-^>^l@SI*A7*PT 

48{c«, ^ftewc+#&* ho- **> s #> c 

[0 02 5] Hi* 57-45 

T^f^C(t*5r^S. T&fc>*3, £-T t xW <y#) © io 

7£©m#**&*£fr£<k5{cu -e<D«y«i (xfai) © 

#©Pl^^il*inIt6i^?> 0 ft. 04 (b) K7jrrj;5 

setcm^ -#©i@SS©|sSHcte;mc#t,T^©fBg( 
a***, c#>u ^^#*itf /extern*' 6, 20 

[0 02 6] Ale. iTRyiSStiLt, 01RD* 
0 3 «:^-f *t<&j u > X 4 0 ©{igiiggtgflttc > rut w 

TS. 07«##U>X4 OStftt^U^XTj^l/^W 

i©gft^^«i^iS)ir^rA>e.m/c0 > 08 (a) «-fe^ 

2£«*PP>M*:ffliJffl0 > 08 (b) BIU0 
(a) ©*M^>Xp]S|;*7A4 2*JSK§L/dfc*J£Srr 

[0 02 7] 03RO*H7K^-rJ;5ic > R®K©St©» 30 
U>X*;^-4 1tc[i, i^l 0 0° ©flKlgBtefcfc. 
S=-9©W3ii^7 0 a-70 cffiSLtthtlX^Z. * 
fc, #*teW-e«2Mau>X*;^--4 1£tjus~-7 
Air***. -e©ffe©^)g-^x>^T';>y7"^^?- 

M-4 10^^ W0ji*7 0 a~7 0 c©ni9J©SU 
#tt. £«©?*14£fUJ8Lfcmi!M'?*7 1 a~7 1 c £ 
5fe^©QSP7 2 a -7 2 cCCfc^T. 

wiits,, cntcj;ot*tuu>X4 i©"*i>i:>ift*7tw 40 
r. ias^tfoa^k*!*^^^, c©-Sjoa:« 

[0 02 8] £ fc, *t^JU>X^Jl/^-4 1 CCW % H# 
©*tf?JU >XpSg# A ? *U773a-73c tffSW £ 
ftT (,>-&„ *A7*a773a-73ctt, ^tt-e*T,© 

a-7 1cOlf«W6fli. -fe-5 3 ? 2"<-;*5 
2©)SHCC(J 1 06^(C7nl//c*A7 * <a7tS4 KiS6 

1-64 <h|5)«©S^e))&S*A7*Pr*V K?87 50 
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4 a~7 4 c#SW6*l-Ct>£„ CO*A7*P7^/-/ 
Fl7 4a-7 4c Ofif4B*«iWCft <9 . 
oT, S*A7*B7*-f K»{C»A3ftfc*ttJjU>X 
iI*A7*07 7 3a-7 3cB, T^ttiW^K) 

[0029] t7v; 5 2©^HJC«. 

5 ? ^-X5 2©*^<b— Srr&<fc5(C. *f 

^ju>Xfis*A4 2*i^e.nrc»s. c©*f«ju> 

XiHSS#A4 2«, 5<h'0 6tC*Jt,>Tl&l!l3Lfct:'9 
^>^*A4 9Si>'3 7-3-^>yiS^*A5 OilSJ 
-feT- 5 2©@t5-ciHll!)njfiltc-r^3; 
tfii!)5ntC^„ *H3JU>Xlig;t;A4 2K:tt. 07 K 
^".t^tc, =-5®*Ai4 2 a~4 2 c#s8:W6ftT 
*J0. ^n^iitc(J*tJC&-r5*t^U>XIBK*A7*n 
77 3 a-7 3 c*i#AShTC»4. 
[0030] 0 l&tf03{C7n-f .fcSfC. *tt25U>X* 
;w#-4 1 0tt^KU3fftw>X?EE'<* 7 5#i8tt<=> 
nmS. C©*figjl^>X^E^^7 5t*. AW©** 
» 7-7 6 **bT*B«&»£*?-4 4 *s«}t3n-Ct^ 
*SS*^y-7 7%mf^#^T€>iifc{C > ?&#©* 
t^7 84^l/t, *tftU>Xt^^-4 1^^ 

tt&Trs. c©«*-s©^^cccfc^r. nm^yxm 

i*A7*0773a-73ctt, &*A«©f** (0 
8(a) ( b ) ©£fflij) ©flOIfflK:*il>r^U>Xii^ 
*A4 2(cSStJ. C©££. >^U>X|SS*A^ 
*0773a-73c ©=,£#. A?f©^ffliMtC 
SS-TSO-C. C©H^c<fc£¥ffi«-«W«:«5£3*i 

[003 1 ]S*A!«42a-42cH. 08CCnVr<t: 

*t^)U>Xsgll*A4 2#-te-7S <>i7^-^5 2© 

[0 03 2] Lfc*i-3-C, 3mu>Xi^S*A4 2 40 

4 0©^IA^|fi](C*jl7^{ia?rP3^-r*C t^-Ct€»„ 
*t^U>X|@S*A4 2*|51Ki3#Si. fm**7 1 
a-7 1 c©$feJS©aSP7 2 a~7 2 c«, 3 y i> 
^-X5 2©rtWJ«ffi*}iB)-rS„ C©/!:*^ 7iM«c 

>t^^^7 1 a~7 1 c©?»tt ; &Ji^^«iSffli-r4 

[0 03 3] ^U>X^JI^-^ 7 5 ©iu#^©tttWJ 

*^4 4*5^F3tVCl>-SJg B B B *;l'^-7 7«r> -fe^S 
v f^-^i 5 2iCLr>Hpf) tm&ZitZi: L^SSd** 
fct-„ tt^SBl 2©S3. ^«cfc%. U-f-MS4 3 
iffl^j3-7-4 5i©^«. iibr*Sa*Jl'^-7 
7it7 3 v i7-<-X5 2©TTT*KJ:-5'C»5eSn* 
^U>X^ffit*t»7 5JC<i:^rifS^^^f-7 7 
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— *-tt*4 3<taWj 57-45 £©S68lt£-5£CC«o 

[0 034] SJggP 1 2©F*3gPfcl« > 0 1 3 
TJ:5CC. *£T*Rfgjtt©*£tfe^7 -r 1 4 OASIS 

tt6ft"Ci»£. c©rStt^7 y l 4 o«. 09 ic 
Svf.fc^Cc, ^JV^-l 4 KCjcoT. 2«ggP12F«g© 
§f^©{4g«:^3n-C*jf). tf-iP^-l 4 lOMfflJtc 
I > < -oijXDftifim-) h tltcmffit 1 4 2 6 ft 
rSttiS^-f ^*-14 0©if3gap#tt. u— if io 

[0 03 5] If-Hg-CW. rtSBCDTk^fft 

Kx-rsfctfxc. ->y#y;u£i*AL;fcfc©a*&6ftt:t> 

«j©*$mm#m» 6.ftT*j«3 , cft6fc«i&Stt*i6 
#*£f6£-f£. fr*>S#Xtt. 3fc^T-©*®£r5& 
"TSMBtfr*. -ecx*. #SI;te0i|©J;-5ic. tittle 
-r ^5?— 1 4 0**Jgg|Jl 2©rtgp{CitA-T'5Ci(CJ: 

-?r, t.©<fc5ft#;*£$MX£if£c<hA5-c#.5©T\ 
^RSPl 2cr)rtgiJ^e^^J?r*^)fC|^*-r*Ci*5-C 20 
*¥^©^&*l51±T£C£#-C-#£. i/c, # 

[0036] ^(C. 0 1 0RV® 1 1 *#«8L-C. 

wtefozfttmsoummwmmzmm vtc l d ©sk 

H 1 0 «. 01 2 tCTftTttiSaS 1 l ©raj&£-gp 

imbxtjkLtcwmwmwm* mint, mi o©«i>$ 30 
z-mtmLtc®m&<DWimMMmmx-&z. mi otc 

*;tLD2 0B, ®ffi£{*£LT:^;*ii££&i&U 

lC£ZMg.±MkZ, 1&m<Djm±tj:2>. VicifiiX. L 
D2 0*&IBC*W3 ^©^-KO'iS 

[0 03 7 ] #||*£0!jiC:}aW&LD2O©;-:'7- 

'&wmvhfttm>hu i %.3tMt > c ©§»&>£> ©a 
t>m^zftu^wL<om?tc#)<Dm*t%mT z *>©#& 40 
s„ **sLD4ffli>st. »*»*»'&«#'^sfts« 

T. LD^©&il&mi>fE}C:7 F^C? AH}* Cite 
<fcoT. LD©K«7-WSP*fT 5 S„ 0*> 

U LD*^^3n/cU—tf-*©-gi5« ( 

D<nR£„ LD©^SP©®S«-«g(C^StCii5<. g» 

6©SW7t©a», ^b>X©3PA±©fig«:j:o-c 

^t-r^o u^ot, m&sRmvmic&vximhz so 
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X^6©S*f5fe«. ^/xt^^-cs^sp©^^ 
(c!5»U LD©^->7-$lJ1iBI©ffS?:(ST3#SMHi 
ft*. 

[0038]fCT, ^JfcfllTti. 0 1 0 iCm-tWM. 
W*hr-ffi'* (PD) 2 2%aw. LD20©S 
#gP*ffll>-rK:. PD2 2*>*>©ftfcBfi#*m>TLD 
2 0©rC'7-$W&lT"'> < , LD2 OJ&^S&WStlfcU — 
1f-:fc©AgP#«> t^-A*X>; 2 4*2® UTS 
JSSPl 2F*3©*t!g5U>X4 0'viiL. f6©— gp«fcf-A 
2 4 -Cg«3nt P D 2 2 iiiPh*. — 

>tfBJU>X4 0rt>£©S3M:tt. -gpti^©*£hr 
-A^^'J y^24*aiaL-CLD2 0^10, SIO© 
— SP«tr-A^XK >^3?24icJ:orai 0©±^S 
*t3ft-S. L*»U #ftU>X*»6©51fcfcW, PD2 
2^jtT£C£«:fct,>. -T/Uft^. PD2 2B, tmic 
L D 2 0 frhm&htltcU— tf-^fe©— gp?cW*»3- 

L/cflS-o-C. P D 2 2 ©tti^J^iife* L D 2 0 ©-'< V 
HfcWff-^iU Cft*y^>IS^eP8 0S;^sv-$lj 
flWP8 1*rt-LT. LD2 0©«*&S^{C7^-hV5y 
*Tft«. LD2 0©A7-83J®£fi!gJ:<*T5t:£# 

[0039] ^tc. l d 2 o com&uwic^^xmm-r 
s„ ^sutewcfcwssuwj, ld2 o©i&Bdiaa&c 

D2 o©ifcg*^ft-e*/c«>K:?f J >t©-c*s. C©*« 

13ISP 8 4(C<totif^. ^fs»-7-2 5tt, m^i 

*«*&-r * i . -5-©^iPffitc*$o-c*g?^p^©ssi*^*ij 
wtceRiRt^ m.mffitcto^x^vm.M.Ltcmzft^m 

W-r-S. S 1 OtC^Ti^tC. LD2 0B, LDffl^feifl 
fi2 6SU ! LDt^^2 1(CSB#L-CI>S. -i^^a 
*-7-2 5©?**PB«LDffl^iflfiK2 6K: > Scl^®« 

LDTOEitsaoK, -eft-eft^#-r^j:^as{»3#w 

^tlTO*. cn6©SSf«. #W«*a2 8<&, ±T© 
fcfilftffl =J 2 9 tc J: o r 9 5 •> ^ -9- X^- X 
2 7(CH5£L/-T > LDffl^e^3 0©4Jifc«P*mr*© 

^x?-5-2 5^U ; twsci(t:j:or. mm 
^©iSftS. l>-rft4>^jS^e>^-5LD^;U^-2 
1. LDffl^*Pfe2 6«, fiStCl^StltStLtK 
S„ L/^-d-C. LD^JUX-2 1 iLDffl^iPS2 6 

[0 040] 02^^01 OiC^f <fc ^tc. LD^Jl/^" 

-2i«. -fe^5 -j zvi^-xn thmt&Lxi*?, 
tc. +#tt»r&ftffl#a>-£fc«>. cn^T^gpi© 

^©tHA^^^WtcigKr-r-So LD*J^-2HC 
B. LD2 0©flfe(CPD2 2 fcBi«3ff^6ftTC^. L 
tc&iX, LD 2 0 <!: PD2 2 (JBg— «&fijg£&&„ 

PD2 2 4s, jaS(Cctor!HFtt*^i:-ri./cJ*, ±ta© 
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<fc *> tmf&-C L D 2 0 (DUmZfflW? tUX . P D 2 2 © 
■5. gfc. CO<fc^{cm{*LD2 0iPD2 2tCS(I^ 

[004 1 ] L Dffl?^iP«2 6 (C«. 0 1 0 K^-r«fc 5 

■9--sx^8 2<D?ae^mfi#« > ^-SBtcgi^asn/c 
y- KKiory-^>iaiig|J8 3(c«*&3ti. eery 
-r>§ag#&;*:hfcf£. samwbs 4^ ens. s io 
a*u®ge8 4{3: > -9--5x*8 2*^»ae«iai«#(c 
8-5i>r. ^1^*^-7-2 5^©tW6«ifc£*ij®j-r 

S„ CtliCi-j-C, ^;U^*^--7-2 5<Df&iPffi{cig 
fl4LTt>-5LDffli^iP®2 6. LD*M-2 1, LD 

2 0. PD22B, —m.vmg.ictmztii,. 

[0 04 2]—*, ^1^-7-2 5<Dtmmicm 

#LTt,>£LDffi$U£i»«3 0U\ MfC. El 1 RO'S 2 
(Cjnf <fc 5 K. mmis x-rt/fftf 9 0 RO'tftaif fa 

£. tt*^*;^ 1«. +#*£fta®»£*tr£/c 20 
tf>. ^V^*^-5-2 5tCj:or©JR3n/cLD2 0 
©8Hi. C<D]K^>*;U3 1 *> 6 nawi fifcttiSftS,, 
LfcTPoT. MttftflfflJSP8 4RU f -i;V9 L *5'-^-2 5 
(C<fc ortf fcft S L D 2 0 cDjg®^J®CD^iJAlliItC[Dl 
±U, LD20RCXPD2 2 ©8Mfl&^tt©^i!l£*r$l 
(C|»±-C#S 0 tittle* P D 2 2 tc J: &L D 2 0 
©--W-SiJSJcDffSdStnli-r^iifcK:. LD2 0©tti 
jjm&*-3ua&-mm-octwcit. *M1 2tCfc 

OtiWt*l/- if-*©*- K<D^K)*|55±-C^S„ 

[ o o 4 3 ] a 1 1 K^-r Hte£!i-e«. p d 2 2 #l d 30 
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